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ABSTRACT
e exploration of cultural heritage information is challenged by
the fact that most data provided by online resources is fragmented
and it is repository or application-centered. In order to address
this issue, a data integration approach should be adopted, that
makes it possible to generate custom views, focused on the user’s
information needs, but easily extensible to support the inspection
of topically related contents.
In this paper, we present a model supporting the management of
thematic maps for information exploration, and their integration
with query expansion during the interaction with the user. Our
model is based on: (i) an ontological domain knowledge represen-
tation for describing the meaning of concepts and their semantic
relations; (ii) a semantic interpretation model for identifying the
concepts referenced in the user’s queries. We are experimenting
our model in the OnToMap Participatory GIS, which manages inter-
active community maps for information sharing and participatory
decision-making.
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1 INTRODUCTION
Nowadays, the exploration of cultural heritage takes great advan-
tage of Web-based technologies, which make knowledge available
at low cost using standard browsers. However, most information
provided by online resources is fragmented because it is repository
or application-centered. us, it is dicult to provide a unied
view of possibly heterogeneous data.
We point out that, in order to make cultural heritage information
truly accessible to people, a data integration approach should be
adopted, that makes it possible to generate custom views, focused
on the user’s information needs, but easily extensible to support
the inspection of topically related contents. For this purpose, the
geographical dimension of a territory should be integrated with a
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semantic exploration of content, as described in Semantic GeoSpa-
tial Semantic Web [13], and with a proactive information retrieval
support. e idea is not only that of helping the user nd the data
(s)he explicitly searches for, which is the typical information re-
trieval problem, but also to support serendipity, by guiding her/him
in the exploration of portions of the information space providing
extra-helpful information.
ematic maps, traditionally developed to present specic themes
within geographical areas, are an interesting information presenta-
tion model because of the abstract view of the territory they provide.
However, it is dicult to determine the types of data that should be
presented a priori: on the one hand, the maps should adapt to users’
search behavior in order to reect changes in the interests of the
population. On the other hand, they might not suit the individual
user’s needs; e.g., (s)he might be interested in a subset of a map,
or in a mixture of the content provided by two of them. erefore,
the management of static information layers might not be the best
solution to be adopted.
In order to support the exploration of territorial data under
dierent points of view, we propose a model that combines the
interpretation of the user’s queries with thematic map management
to generate dynamic maps that reect individual information needs.
e maps play the role of indexes on information and they support
query expansion towards relevant topics that the user might not
be aware of. For this purpose, we model the theme of a map at
the meta-level, as a cluster of concepts that are usually searched
together by people. e visualization of data items on a map comes
as a result of selecting one or more concept clusters, or portions
of them, to retrieve the corresponding data. e organization of
a thematic map as a cluster of concepts enables the user to select
the types of information (s)he is interested in and, as a by product,
it allows the system to observe what (s)he focuses on. is is the
basis to propose personal views on information.
Our thematic map management model is based on: (i) an ontolog-
ical domain knowledge representation for describing the meaning
of concepts and their semantic relations, as well as for handling
geographical data as Linked Data [19]; (ii) a semantic query expan-
sion model for identifying the concepts referenced in the user’s
queries, and thus the types of information relevant to her/his search.
Our model is applied in the OnToMap Participatory GIS [3, 18] and
currently supports the provision of a set of static thematic maps,
among which one about tourism and culture. In the next future, the
model will evolve to the management of dynamic concept clusters
reecting general search behavior.
e remainder of this paper is organized as follows: Section 2
provides some background on ICT for cultural heritage exploration.
Section 3 presents the main features of the OnToMap application.
Section 4 describes the approach we adopted for developing the
Figure 1: Portion of the concept graph supporting the exploration of the OnToMap domain ontology.
thematic maps and Section 5 presents the management of thematic
maps. Section 6 concludes the paper and outlines our future work.
2 BACKGROUND
e Web helps the diusion of Cultural Heritage information by
making available the results of the massive digitalization eort,
carried out by cultural organizations and/or crowdsourced as Vol-
untary Geographic Information [9], by means of online information
sources and archives. However, the lack of a framework for seman-
tic data integration, contextualized in a geographical perspective,
limits the fruition of this type of information. Specically:
• Museums, exhibitions and historical sites publish data
about physical and digital collections in their own web
sites; e.g., see the Tate Online (hp://www.tate.org.uk/) and
[12]. ey present detailed information about art pieces
and historical objects. However, they are disconnected
from each other and thus provide a partial view on the
resources available in the territory.
• Large projects have been developed to support the digi-
talization and diusion of artistic and historical content
across Europe. However, the resulting services, such as
Europeana Collections [7], are managed as catalogs of art-
works abstracting from the geographical dimension of in-
formation items. ese services enable the user to retrieve
data according to a xed number of facets (e.g., by source,
color, topic). However, they fail to integrate such search cri-
teria with the geographical aspect, which is a key element
to understand the identity of a territory, as demonstrated
in the experience of the Parish Maps and of community
mapping [16].
• Modern search engines, location-based services (e.g., Tri-
pAdvisor [17]) and Web-GIS (e.g., OpenStreetMap [15])
oer graphical interfaces that support information search
and a map-based visualization of results. However, they
cannot tune the presentation of the territory to the aspects
underlying search queries because they lack a semantic
approach to their interpretation and to the identication
of the relevant types of information.
Some projects proposed the adoption of ontologies for the inte-
gration of geographical data as Linked Data, in order to support
information retrieval, but focused on data modeling, leaving the
management of personalized views on information spaces apart;
e.g., OSM Semantic Network [4] and OSMonto [5], and [8].
ematic maps (e.g., see [11]) are useful to present specic as-
pects of a territory in an abstract way, by exploiting the geograph-
ical dimension to facilitate data visualization and exploration. In
other projects, they have been used to describe colors, smells, per-
ception of danger, etc. of a geographical area; e.g., see [1, 6].We
use thematic maps to support knowledge discovery, but we aim at
focusing them on the information relevant to the user’s interests.
is is based on the provision of interactive indexes that support
the visualization of dierent types of information belonging to a
broad topic, such as culture or tourism.
It should be noticed that other works, such as Google’s Knowl-
edge Graph [10], acquire links among individual information items,
that people oen search together, in order to recommend their
inspection, when the user selects one of them. In a complemen-
tary way, the clusters we propose are formed by concepts, in order
to suggest relevant types of information for expanding the user’s
search. us, they support the exploration of the information space
Figure 2: Search results for “musei etnograci (ethnographic museums) a Torino”, and visualization of details about an item.
at an abstract level, instead of presenting a possibly large sets of
individual information items to analyze.
3 OVERVIEW OF ONTOMAP
e OnToMap Participatory GIS [3, 18] supports the management
of interactive community maps for information sharing and partici-
patory decision-making. It supports both the consultation of spatial
data and the creation of public and private maps, which reect indi-
vidual information needs and can be enriched with crowdsourced
content (information items and geo-localized comments) to help
project design and group collaboration.
e interaction functions oered by OnToMap are based on
an ontological representation of geographical information that al-
lows the abstraction and the categorization of data, and supports
multi-faceted data retrieval and presentation. e ontology de-
nes semantic relations among concepts, allowing heterogeneous
data integration [8] and the management of heterogeneous data
as Linked Data [19]. Moreover, each ontology concept is enriched
with linguistic and encyclopaedic knowledge, that makes it pos-
sible to use query expansion techniques to interpret user queries,
addressing the word sense disambiguation problem; see [2].
e semantic representation of geo-data supports dierent types
of exploration of the information space, thanks to the specication
of semantic and subclass relations among concepts, and to the
structured representation of information items. Specically, the
application oers two interaction modes, and dierent granularity
levels in the specication of the data to search for:
(1) e user can submit a sequence of free-text queries, or
queries referring to multiple concepts, in order to select
the types of information to be visualized in the map; e.g.,
searching for museums in Torino. eries can also be re-
stricted by specifying aributes of the relevant information
items, e.g., searching for ethnographic museums (“musei
etnograci”), as in Figure 2. e system semantically in-
terprets the queries by matching the terms they contain
with the ontology concepts, and lters the results on the
basis of the qualiers specied in the queries. For all the
matches, it employs synonyms and linguistic descriptions
of concepts to abstract from the terminology used by the
user. As a result, it can return data that matches the query
by taking the meaning of information into account, instead
of only relying on keyword-based matches.
(2) e graph-based navigation of the information space en-
ables the user to explore the concepts dened in the domain
ontology by browsing a concept graph that visualizes se-
mantic and subclass relations among concepts. Figure 1
shows the user interface for graph-based navigation. It
displays a subset of the ontology concepts and the sub-
class relations existing among them, in order to help the
user understand how information types are related to each
other. By clicking on the nodes of the graph, the user can
select the types of information that (s)he wants to visualize
in the map, at dierent generality levels. For instance, in
the gure the user has selected the public services node,
which subsumes several types of services; see the nodes
highlighted in blue.
OnToMap displays the search results on a map focused on the ge-
ographical area delimited by the query (e.g., in Torino), or by the
bounding box selected on the map. However, the user can dynami-
cally change the bounding box (via zoom and drag actions) to view
results belonging to dierent geographical areas. For instance, the
map in Figure 2 is focused on the center of the town. While the
map employs the OpenStreetMaps layer as a background to provide
a general view of the selected geographical area, search results are
highlighted by showing them as pointers, or by depicting their ge-
ometries, in vivid colors. Results can be clicked to retrieve detailed
information about them. For instance, see the sticky note in Figure
2 and the descriptive table displayed in the right portion of the
page. From the detailed description of an item, the user can inspect
the semantically and geographically related items, following the
Figure 3: Tourist (orange border) and cultural (green background) thematic maps.
Linked Data model. See buon “Mostra/Nascondi elementi cor-
relati” (show/hide related items) under the table. Moreover (s)he
can inspect the available comments, added by people via crowd-
sourcing; see buon “Mostra/nascondi segnalazioni” (show/hide
reportings).
4 MANAGEMENT OF THE THEMATIC MAPS
Our ultimate goal is the denition of a dynamic set of thematic
maps, emerging from users’ search behavior, in order to enrich
OnToMap with an adaptive suggestion function supporting the
exploration of the information space. For that purpose, we are
logging the search queries performed by users and we will use
that information to identify the sets of concepts that are frequently
searched together. However, the collection of this data takes a lot
of time. As we aim at shortly testing the usefulness of the support
oered by thematic maps, we dened a set of static ones to initialize
the application with a preliminary set of concept clusters.
4.1 Static ematic Maps
In order to develop the rst set of thematic maps to be experimented,
we spread an online survey in which we asked people to select the
concepts that are most relevant to ve themes: culture, tourism,
nature, family, and services. For each theme, we presented the list
of concepts forming the OnToMap ontology and we asked people
to select one or more that suited the theme.
We collected 64 questionnaires, which we analyzed to compute
the relevance of each concept with respect to the ve themes. We
assume that the evidence of the relevance of a concept c to a theme
T is determined by people agreement; i.e., the more people assigned
c toT , the stronger the evidence of association among the two. is
enabled us to dene the percentages of relevance of each concept
with respect to the ve thematic maps. We considered a concept as
relevant to a theme, and thus belonging to the respective thematic
map, if it were selected by at least 50% of people who lled in the
survey.
Table 1 reports the percentages of relevance achieved by the
concepts selected for the tourism and/or culture themes. Notice that
thematic maps can contain rather dierent numbers of concepts.
Figure 3 shows a portion of the ontology and highlights the
concepts relevant to the tourism and culture themes. e concepts
relevant to tourism have an orange border and those relevant to
Concepts Tourist Map Culture Map
Cultural Heritage 86% 83%
Landscape Heritage 86%
Archaeological Heritage 84% 76%
Architectural Heritage 84% 75%
Museum 84% 78%
Natural Heritage 79%
Belvedere Natural 71%
Natural Monuments 71%
National Parks 71%
Tourist Routes 70%
Downtowns 67% 67%
Restaurants 67%
Accommodations 67%
Urban Heritage 65% 54%
Regional Parks 65%
Urban Parks 65%
Nature Trails 65%
Belvedere Articial 60%
Railway Stations 60%
Local Public Transportation 60%
Railway Lines 59%
Pedestrian Routes 59%
Transportation System 57%
Bike Sharing Stations 56%
Picnic Areas 52%
Car Sharing Stations 51%
Libraries 71%
Table 1: Percentage relevance of concepts to tourism and cul-
tural maps, as collected in the survey.
culture have a green background. Some concepts are relevant to
both themes.
As a maer of fact, a larger number of questionnaires should be
collected in order to achieve statistically relevant thematic maps.
However, the concept clusters we dened so far are a starting point
to bootstrap the system.
Figure 4: Visualization of concept clusters relevant to search query “musei a Torino” (museums in Torino).
4.2 Dynamic ematic Maps
Starting from the bootstrapping phase described in the previous
section, we aim at creating dynamic thematic maps, by nding new
clusters of concepts from users behavior, but also by updating the
existing ones. We consider two types of dynamic maps:
• e former is the most general one, and regards concepts
that typically co-occur in the search sessions performed
by the user population. By analyzing the system’s log, we
can identify sets of concepts that are jointly searched by
users. We think that, if a concept cluster is recurrent, it is
relevant, because it reects the most frequent combined
search done by people. In this case, the cluster denes a
thematic map whose concepts are weighted by frequency
of usage during the interaction with the system in a search
task. We aim at automatically generating these clusters,
by dynamically updating the occurrences of actions on
concepts logged by the system during the interaction with
users; e.g., selection of concepts suggested by the system,
subsequent searches, and so forth.
• e laer reects the individual user’s search history and is
aimed at capturing the maps that (s)he frequently uses. We
propose to create ontology-based user models for customiz-
ing the system and the information search task, taking the
interests of individual users into account; see [14]. e
concepts belonging to each user model must be weighted
by analyzing the behavior of the specic user.
Starting from this, we can deduce which are the most rel-
evant concepts for each user, that we can use to expand
the general thematic maps presented above. Indeed, the
user models can also be employed to rank the concepts
of the thematics maps, and promote the most interesting
ones. is supports a user-adaptive presentation of the-
matic maps, instead of adopting a single visualization style,
the same for everybody.
We aim at automatically updating the static maps created from the
survey, the general ones inferred by analyzing the search behavior
emerging from the logs of the user population, and those based on
the acquisition of individual user models. We hypothesize that the
management of dynamic thematic maps, adapting to continuous
observations, can be particularly useful to provide users with per-
sonalized groups of suggestions, represented as sets of concepts that
can be easily explored, without browsing the complete information
space. Obviously, our hypothesis has to be veried by testing the
model through user experiments.
5 SUPPORTING THE EXPLORATION OF
INFORMATION VIA THEMATIC MAPS
During the interaction with the user, OnToMap proposes the the-
matic maps to the user on the basis of the relevant topics emerging
from her/his search behavior. However, as previously specied, we
aim at providing a exible map management model, that enables
the user to select the types of information to be visualized, instead
of loading complete layers that might contain large amounts of
data. We thus integrate thematic maps with query expansion, by
presenting the clusters of concepts underlying them, and we leave
the user free to choose the interesting ones.
OnToMap dynamically selects the concept clusters to be pro-
posed by matching them to the concepts referenced in the search
queries. Given the set of concepts Q = {cq1, . . . , cqm }, identied
by interpreting the queries, and the concept clusters CL1, . . . ,CLn
associated to the thematic maps:
(1) First, the application lters the clustersCLi = {ci1, . . . , cik }
such that Q ∩Ci , ∅ and at least one concept ci j has rele-
vance ≥ 50% for the thematic map. All these clusters are
potentially interesting because they include at least one
concept that was referenced in the user’s queries.
(2) en, the application proposes the three best matching
clusters, in which the concepts belonging to Q appear with
the highest ranks.
e suggestions are activated by clicking on buon “Visualizza
mappe correlate” (show thematic maps) in the le portion of the
page. e result is the visualization of the most relevant concept
clusters that have been identied.
Figure 4 shows the suggestions generated for the search query
“Musei a Torino” (museums in Torino). OnToMap proposes to select
the concepts belonging to two thematic maps:
• e Tourism one (“Mappa tematica turismo”) includes con-
cepts related to tourism activities; e.g., cultural heritage,
landscape heritage, archaeological heritage, architectural
heritage, museums, natural heritage, and so forth.
• e Culture one (“Mappa tematica cultura”) includes con-
cepts related to cultural activities: e.g., cultural heritage,
museums, archaeological heritage, architectural heritage,
libraries, and so forth.
ese clusters are suggested because they include concept “Mu-
seum”, that is referenced in the search query and has relevance ≥
50% in the respective thematic maps.
e concepts of a cluster make the information available in the
corresponding thematic map explicit in order to make the user
aware of which information could be searched for. ey are pre-
sented inside check-boxes, so that the user can directly select the
types of information (s)he wants to visualize.
Notice that the thematic maps, described as concept clusters,
represent topic-oriented views on the domain conceptualization
adopted by the system. As such, they could be employed to support
the graph-based navigation of the information space described in
Section 3, which is currently based on the denition of a set of static
subgraphs of the ontology. Indeed, this method might be useful for
navigating a large information space, because it presents dierent
views that can be dynamically modied, by reacting to the users’
behavior, without the need to manually update the data structures
used by the system.
6 CONCLUSIONS AND FUTUREWORK
We presented a thematic map management model supporting a
semantic exploration of geographic information spaces in GIS. Our
model is based on a semantic representation of geo-data and on a
query expansion model based on the recognition of the concepts
referenced in the user’s search queries.
Currently, our model supports the management of static the-
matic maps (e.g., a tourism and a culture one) dened by collecting
users’ feedback by means of an online survey. However, we will
extend it to the creation and management of dynamic thematic
maps, based on the observation and analysis of users’ general and
individual search behavior. We hypothesize that this will improve
the exploration of large information spaces by making the user
aware of the available data, in relation to her/his current search
goals, without the need to navigate the complete spaces.
Our model is applied in the OnToMap Participatory GIS, which
supports community mapping and information search, and will be
evaluated with users in our future work.
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